Abstract. Metastasis is the most frequent cause of death among patients with osteosarcoma. We have previously demonstrated in independent experiments that the forced expression of L/B/K ALP and CD99 in U-2 OS osteosarcoma cell lines markedly reduces the metastatic ability of these cancer cells. This behavior makes these cell lines a useful model to assess the intersection of multiple and independent gene expression signatures concerning the biological problem of dissemination. With the aim to characterize a common transcriptional profile reflecting the essential features of metastatic behavior, we employed cDNA microarrays to compare the gene expression profiles of L/B/K ALP-and CD99-transfected osteosarcoma clones showing low metastatic ability with those of osteosarcoma cell lines showing contrasting behavior. Changes in gene expression were validated by real-time PCR and immunohistochemistry in independent samples. In our study we identified several differentially expressed genes (GADD45α, VCP, DHX9, survivin, α-catulin, ARPC1B) related to growth arrest and apoptosis. Most of these genes are functionally related with the nuclear factor (NF)-κB cell survival pathway that appeared to be inhibited in the less malignant osteosarcoma cells. Hence, we propose the inhibition of the NF-κB pathway as a rational strategy for effective management of human osteosarcoma.
Introduction
Metastasis is the dissemination of cancer cells from the primary tumor to a distant organ and represents the most frequent cause of death for patients with cancer (1) . Osteosarcoma (OS) is a malignant primitive bone tumor, usually developing in children and adolescents, with a high tendency to metastasize (2) . Metastases in osteosarcoma patients spread through peripheral blood very early and colonize primarily the lung, and later other skeleton districts (3) . Since disseminated hidden micrometastases are present in 80-90% of OS patients at the time of diagnosis, the identification of markers of invasiveness and metastasis forms a target of paramount importance in planning the treatment of osteosarcoma lesions and enhancing the prognosis.
In this study we performed a statistical analysis of multiple gene expression datasets concerning the common biological problem of metastasis. Our comprehensive analysis includes the gene expression datasets derived from two experimental models previously obtained from the U-2 OS osteosarcoma cell lines characterized by a common reversal of malignancy and lack of metastatic phenotype. In particular, we have demonstrated in independent experiments that the forced expression of L/B/K ALP and likewise CD99 in U-2 OS osteosarcoma cell lines markedly reduces the invasiveness and metastatic ability of these cancer cells (4, 5) . Alkaline phosphatases (ALPs) are a family of cell surface glycoproteins that catalyze the hydrolysis of phospho-monoesters and release inorganic phosphate. Liver-bone-kidney (L/B/K) ALP, one of the four major isoenzymes belonging to this family, participates in bone mineralization. The precise biochemical function of bone ALP activity is still unknown, but in U-2 OS osteosarcoma cell lines transfected with the full-length L/B/K ALP gene a reduction in tumorigenic and metastatic ability has been observed associated with high levels of cellular activity of L/B/K ALP (4). CD99 is a transmembrane glycoprotein (6) encoded by the MIC2 gene (7) , which has been implicated in several cellular processes, such as cell adhesion, apoptosis and differentiation (8) (9) (10) (11) (12) . Manara et al (5) have demonstrated that the forced expression of CD99 in two osteosarcoma cell lines significantly inhibits growth in anchorage independence as well as cell migration and leads to abrogation of tumorigenic and metastatic ability.
The fact that U-2 OS osteosarcoma cell lines transfected with both L/B/K ALP and CD99 show identical behavior (that is, marked reduction of metastatic ability), makes these cell lines a useful model to assess the intersection of multiple and independent gene expression signatures concerning the common biological problem of dissemination. In particular, in our study we employed cDNA microarray technology to compare the gene expression profiles of L/B/K ALP-and CD99-transfected osteosarcoma clones showing low metastatic ability with those of osteosarcoma cell lines showing contrasting behavior, the purpose being to characterize a common transcriptional profile reflecting the essential features of metastatic behavior.
Materials and methods
Cell lines. The parental osteosarcoma cell line U-2 OS was obtained from the American Type Culture Collection (Manassas, VA). Cells overexpressing L/B/K ALP or CD99 were obtained by using the calcium-phosphate transfection method previously characterized (4, 5) . Transfectants were selected in 500 μg/ml neomycin (Sigma-Aldrich, St. Louis, MO) and maintained in a selective medium for a maximum of eight in vitro passages before in vitro and in vivo characterization. In particular, U-2/ALP28, and U-2/ALP40, showing high levels of L/B/K ALP expression and activity, and U-2/CD99 clones (U2-CD99wt57 and U2-CD99wt136), overexpressing CD99 at the cell surface, were chosen for their low level of malignancy. Table I summarizes the previously published (4,5) U-2 OS transfectant features associated with cancer malignancy relevant for this study. Cells transfected with the empty vector pcDNA3 (5) or clone U-2/ALP23, which shows very low levels of L/B/K ALP activity (4), were used as negative controls. Cells were routinely cultured in Iscove's modified Dulbecco's medium (IMDM) (Invitrogen, Paisley, Scotland), supplemented with 100 U/ml penicillin, 100 μg/ml streptomycin and 10% inactivated fetal bovine serum (FBS) (Cambrex BioScience Verviers, Verviers, Belgium) and maintained at 37˚C in a humidified 5% CO 2 atmosphere.
RNA isolation. Total RNA was extracted using the TRIzol extraction kit (Invitrogen Life Technologies, Paisley, UK). The quality of RNA samples was determined by electrophoresis through agarose gels and staining with ethidium bromide; the 18S and 28S RNA bands were visualized under UV light. To perform microarray hybridization, two independent extractions of RNAs were performed from each cell clone.
cDNA microarray hybridization. Hybridizations were performed on Human 1 cDNA Microarray slides (Agilent Technologies, Inc., Palo Alto, CA) containing 16,281 cDNA sequences. Total RNA was used to obtain labeled cDNA, according to the manufacturer's instructions (Agilent DirectLabel cDNA synthesis kit protocol, Agilent Technologies). cDNA from osteosarcoma cell lines transfected with L/B/K ALP and with CD99 was labeled with Cyanine 5-dCTP (Cy5), while parental U-2/OS cDNA was labeled with Cyanine 3-dCTP (Cy3). In brief, 20 μg of total RNA was reversetranscribed with a specific primer mixture using Moloney murine leukemia virus reverse transcriptase (Agilent DirectLabel cDNA synthesis kit) in the presence of Cy5 or Cy3 (Perkin-Elmer Life Sciences Inc., Boston, MA) at 42˚C for 1 h. RNaseI A (Agilent Technologies) was then added to degrade the RNA. Labeled cDNAs were purified with the QIAquick PCR purification kit (Qiagen, GmbH, Germany). Additional washes with 35% (w/v) guanidine hydrocloride were performed to ensure efficient removal of the unincorporated dye labeled nucleotides. Equivalent amounts of Cy5-and Cy3-cDNA were combined, vacuum dried, re-suspended in deposition hybridization buffer (Agilent Technologies) with human Cot-1 (Invitrogen) and deposition control targets (Qiagen) and hybridized to microarray slides for approximately 17 h, according to the manufacturer's instructions. The slides were washed with 0.5X SSC + 0.01% SDS for 10 min and with 0.06X SSC for 5 min.
Microarray analysis. Hybridized slides were scanned using the GenePix 4000A scanner (Axon Instruments, Foster City, CA) ensuring that the total number of saturated spots (saturation fluorescence value: 65,000) was <10. Images were analyzed using GENEPIX PRO 3.0 software (Axon Instruments). Table I . In vitro and in vivo biological features associated with malignancy of U-2 OS transfected clones. 
a Soft agar growth was measured by counting cell colonies 14 days after seeding of 10,000 cells in 0.33% agarose. Migration was assessed by counting the number of cells that migrated towards the filter to reach the lower chamber base of a Trans-well chamber. Cells (10 5 ) in IMDM plus 1% FBS were seeded in the upper compartment, whereas IMDM plus 10% FBS was placed in the lower compartment of the chamber as a chemoattractant. b Tumorigenicity was determined after subcutaneous injection of 30x10 6 cells in female 4-5 week old Cr1:nu/nu (CD-1)BR athymic mice (Charles River Italia, Como). Experimental metastatic ability was evaluated after injection of 2x10 6 cells into a tail lateral vein. For detailed methods see Manara et al (4, 5) . c P<0.05, Student's t-test.
GenePix Post-Processing Script (GP3) was used in order to filter and normalize raw microarray data from GenePix image analysis (13) (global normalization; percentile of mean signal across array for normalization factor: 90; threshold value: median background spot intensity + 3 standand deviation of background). Expression tables were assembled from GP3 output files and genes that proved to be filtered and preserved in 100% of the arrays were analyzed using the Significance Analysis of Microarray (SAM) program (14) . SAM identifies genes with statistically significant changes in expression by performing a set of gene-specific t-tests. Each gene has a score (d) assigned on the basis of its change in gene expression relative to the standard deviation of repeated measurements for that gene. Only genes showing a score of >2.5 or <-2.5 were considered, and among these, only genes up-regulated or down-regulated in at least 85% of the arrays were selected and employed for functional analysis.
Gene ontology (GO).
We used FatiGO to assign the 253 differently expressed genes to non-mutually exclusive categories regarding biological processes. FatiGO is a web interface (http://fatigo.bioinfo.cipf.es) which carries out simple data mining using GO for DNA microarray data. The data mining consists in assigning the most characteristic GO term to each cluster. When we searched for the distribution of genes in a specific ontology (e.g. a biological process) we selected the ontology and also the GO term level (=3). A SYBR-Green PCR Master mix (Applied Biosystems) was used with 1 ng of cDNA and with 100-400 nM of the primers. A negative control without any cDNA template was run with every assay. All PCR reactions were performed using an ABI PRISM 7900 sequence detection system (PE Applied Biosystems). The target gene mRNA was quantified by measuring the C T (threshold cycle) to determine the relative expression. Data were normalized to GAPDH. The relative expression of the different mRNAs was also normalized to U-2 OS mRNA, used as a calibrator and was expressed as: 2 -ΔΔCT , where ΔC T = C T target genes -C T GAPDH, and ΔΔCT = ΔC T sample -ΔC T calibrator. All samples were resolved in a 2% agarose gel to confirm the PCR specificity.
Analysis of apoptosis. Detection and quantification of apoptotic cells was obtained by flow cytometric analysis (FACSCalibur, Becton Dickinson) of annexin-V-FITC-labelled cells. This test was performed according to the manufacturer's instructions (Medical and Biological Laboratories, Naka-ku Nagaya, Japan). PI incorporation was evaluated in combination with the fluorescent signal intensity to allow for discrimination of necrotic and apoptotic cells.
Poly-HEMA assay. Six-well plates were treated with poly-2 hydroxyethylmethacrylate (poly-HEMA) (Sigma) following the method of Folkman and Moscona (15) . Briefly, wells were treated with a 1-ml solution of poly-HEMA diluted in 95% ethanol (12 mg/ml) and left to dry at room temperature. Cells (250,000/well) were seeded in IMDM 10% FBS and incubated at 37˚C in a humidified 5% CO 2 atmosphere. Viable and dead cells were counted after 24, 48, and 72 h. Detection and quantification of apoptotic cells as well as of cell cycle phases was obtained according to the procedures described above.
Immunostainings on adherent fixed cells. Cells were seeded in IMDM 10% FBS and grown on coverslips for 48 h before being fixed in 4% paraformaldehyde at room temperature and permeabilized with 0.15% Triton X-100 in PBS. All preparations were incubated with PBS containing 4% BSA to saturate non-specific binding. Immunofluorescence staining for cyclin D1 and NF-κB was performed with the primary cyclin D1 (H-295) MAb (Santa Cruz Biotechnolgy, Inc.) (diluted 1:10) or anti NF-κBp50 (H-119) MAb (Santa Cruz Biotechnolgy, Inc.) (diluted 1:20), respectively. FITCconjugated phalloidin (5 U/ml) (Sigma) was applied for 30 h at room temperature to stain and visualize actin filaments.
Wound-healing assay. Monolayer wounds were made using a pipette tip on confluent cells. Cell migration was visualized, at regular intervals of time, at x100 magnification using an inverted microscope (Nikon Diaphot, Melville, NY), and photographed with a D70s Nikon digital camera (Nikon).
Nuclei extraction and NF-κB Western blotting.
The cell pellet was resuspended in a buffer containing 10 mM Tris, pH 7.8, 1% NP-40, 10 mM 2-mercaptoethanol and protease inhibitors. Separation of nuclei was obtained by hypotonic shock and shearing; nuclei were obtained as pellet by a 300 x g centrifugation at 4˚C. Cytoplasmic fractions were clarified by centrifugation at 600 g. Each fraction was then resuspended in loading buffer, subjected to sodium dodecylsulphate polyacrylamide gel electrophoresis (SDS PAGE) and Western blot analysis. The expression of NF-κB in the nuclei was evaluated using anti-NF-κBp50 (H-119) MAb (Santa Cruz Biotechnolgy, Inc.) (diluted 1:100). The absence of cytoplasmic contamination in the nuclear fraction was checked by staining the cellular fractions with anti-GAPDH Mab (FL-335) (diluted 1:2000). Table II . Up-regulated and down-regulated expressed genes in both L/B/K ALP and CD99 U2-OS transfected clones showing lack of metastatic ability compared with parental U2-OS cell line. Table II . Continued. Table II . Continued. Table II . Continued. Table II . Continued. 
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Results
The gene expression profiles of both L/B/K ALP-and CD99-transfected clones were compared to those of the U-2/OS osteosarcoma cell line. Filtering and normalization of raw microarray data were performed using GP3. A total of 2506 cDNAs with GP3 quality-passed values were present in 100% of the arrays and were included in the final analysis by the SAM program. Four hundred and eighty sequences showed significantly different levels of expression in both L/B/K ALPand CD99-transfected osteosarcoma clones, compared to U-2 OS. Only genes that were up-regulated or down-regulated in at least 85% of the arrays and showing a highly significant change of expression (score of >2.5 or <-2.5) were considered (Table II) . Of these genes, 75 were up-regulated whereas 178 were down-regulated in transfected osteosarcoma clones. We then assigned the different expressed genes to non-mutually exclusive functional categories regarding biological processes, using FatiGO. The selected genes covered a broad range of functional activities, including regulation of cellular growth, signal transduction, transport, cell death, cell differentiation, cell adhesion, and cell motility. Among all genes selected, great relevance was attached to the genes belonging to two functional categories, namely cell growth arrest/cell death and cell motility, since these are intimately involved in tumor progression and invasiveness (Table III) . In particular, we identified several differentially expressed genes involved in the NF-κB cell survival pathway, a signaling pathway directly implicated in cancer cell survival and apoptosis, including the gene encoding Valosin-containing protein (VCP), DEAH (Asp-Glu-Ala-His) box polypeptide 9, (DHX9), Survivin (BIRC5) and Growth arrest and DNA-damage-inducible, α (GADD45α). GADD45α, which belongs to a family that encodes three nuclear proteins related with growth arrest and inducible by DNA damage proteins (16, 17) , is up-regulated in both the transfected osteosarcoma cell lines, showing lack of metastatic ability. Since it is known that NF-κB-mediated repression of GADD45α is sufficient for survival of various cancer cell types (18) , it is conceivable that the up-regulation of GADD45α, may be dependent on inhibition of the NF-κB Table II . Continued.
-
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signaling pathway. Indeed, we observed a decrease in the expression levels of NF-κB in the nucleus of U-2OS clones compared to parental cells (Fig. 1) , which reflects a decreased activity of the nuclear factor. NF-κB is localized mainly in the cytoplasm in an inactive form bound to an inhibitory protein termed IkB (19) (20) (21) . NF-κB activation occurs via phosphorylation of IkB, which is essential for the release of active NF-κB and its nuclear translocation, where it binds with specific DNA motifs in the promoter regions of target genes and activates their transcription. In keeping with a reduced NF-κB activity, in less malignant osteosarcoma clones we observed down-regulation of both VCP and DHX9, two activators of NK-κB pathways, and of Survivin, which is one of the downstream genes of the NF-κB pathway (Table III) .
The microarray analysis suggests that inhibition of NF-κB pathway signalling is an important mechanism to restore apoptosis/mitosis checkpoints. Quantitative PCR confirmed the significant decrease in the expression level of VCP and Survivin in all of the transfected clones ( Fig. 2A) . In accordance with this, we observed a decrease in the expression of cyclin D1 (Fig. 2B ) and an increase in the apoptotic rate of U-2 OS transfected clones (Fig. 3A) that was particularly evident when cells were prevented from adhering (Fig. 3B) . This is interesting since it is well known that non-transformed, anchorage-dependent cells undergo anoikis (i.e. detachmentinduced apoptosis) when deprived of contact with the extracellular matrix. In keeping with the lower level of malignancy, U-2/CD99 and U-2/ALP cell survival was severely reduced Figure 1 . Protein nuclear fraction was extracted and GAPDH staining used to exclude cytoplasmic contamination. As expected GAPDH was evident only in the cytoplasmic but not in the nuclear fraction lysates (A). NF-κB expression was observed in the nuclear fractions of U-2 OS parental cells and transfectants.
A lower level of NF-κB expression was observed in the less malignant variants both by Western blotting (B) and by immunofluorescence in adherent cells (C). Digital images were taken in identical conditions, at the same time and using the same image analysis software (Quips-XL genetic workstation, Abbot Visys).
compared to parental cells when cells were cultured in a condition in which adherence of cells is prevented (15) . The decrease in Cyclin D1 expression may also be the consequence of the up-regulation of α-catulin. α-catulin is a member of the vinculin superfamily, whose mRNA expression appears to be differentially regulated following growth arrest of cells, suggesting that it may play a role in growth regulation (22) . An antiproliferative role has been in fact demonstrated for α-catulin based on attenuation of cyclin D1 transcription through inhibition of Ras-mediated signals to the cyclin D1 promoter (23) . Thus its overexpression in U-2 OS transfected clones, also confirmed by real-time PCR data (Fig. 4A) , is in line with the reduction of cyclin D1 expression and the lower level of malignancy of transfected clones. In addition, α-catulin can associate with Rho pathway signaling in vivo, serving to localize Rho mediators in a multimolecular signaling complex linked to the cytoskeleton (23, 24) . Acting as a cytoskeletal linker protein, up-regulation of α-catulin in U-2 OS transfected clones may be associated with the higher level of actin cytoskeleton organization observed in these cells (Fig. 4B) , negatively regulating actin disassembly and focal adhesion dynamics that characterize a motile phenotype. Indeed, U-2/ CD99 and U-2/ALP cells overexpressing α-catulin exhibit features of strong adhesion, as characterized by abundant actin-stress fibers and focal adhesions (Fig. 4B) , a pattern which has long been associated with cell differentiation and a stationary phenotype. Therefore, besides its antiproliferative role through decrease in cyclin D1 expression, α-catulin may functionally participate in the suppression of transfected U-2OS cell motility (Fig. 5A) . From a molecular point of view, the dynamic assembly and disassembly of actin filaments and the formation of larger scale filament structures, crucial aspects of actin's function, are under scrupulous control by >100 actin-binding proteins. The actin-related protein-2/3 (ARP2/3) complex was the first to be identified of an important set of actin regulators that initiate formation of new actin filaments (25) . Although the precise mechanisms of the ARP2/3 complex are still poorly defined, these molecules are involved in the dynamic actin disassembly during cell migration. In our transfected osteosarcoma cell lines there was a down-regulation of the ARPC1B gene (Fig. 5B) , which encodes p41, a subunit of the human Arp2/3 protein complex. Therefore underexpression of ARPC1B may contribute to inhibiting disruption of actin-containing stress fibers. 
Discussion
The dissemination of osteosarcoma cells from the primary tumor to the lung is the most frequent cause of death among patients with osteosarcoma. In this study, with a view to identifying genes implicated in the spread of osteosarcoma, we employed osteosarcoma cell lines showing a reduction in metastatic ability as a result of L/B/K ALP-transfection and (likewise) CD99-transfection. Our data show that the reversal of the malignant phenotype observed in both differently transfected clones, may be due mainly to the modified expression of a set of genes related to growth arrest and apoptosis.
Recent studies have demonstrated that the forced expression of both CD99 and L/B/K ALP in U-2 OS osteosarcoma cell lines leads to an identical behavior by the differently transfected cancer cells, that is the abrogation of their invasiveness and metastatic ability (4, 5) . By comparing the gene expression profiles of transfected clones showing a lack of metastatic ability with those of non-transfected osteosarcoma cell lines showing contrasting characteristics, we were able to identify 253 genes that were up-regulated or down-regulated in at least 85% of the arrays to a highly significant level. These genes are particular intriguing because, being regulated in a similar manner in the majority of transfected clones, they delineate a common transcriptional profile of the metastatic phenotype. These genes can be ascribed to a broad range of functional categories including regulation of cellular growth, signal transduction, transport, cell death, cell differentiation, cell adhesion, and cell motility. Two of the most modulated categories, apart from those related to metabolism, are known to be particularly involved in tumor progression and invasiveness, namely cell growth arrest/cell death and cell motility. Although the molecular mechanisms of metastasis are poorly understood, the resistance to apoptosis seems to be not only one of the required selective advantages that a cell has to acquire in order to form a tumor, but also a crucial process in regulating metastasis. In fact, the induction of programmed cell death is important for the development of the primary tumor because it limits the time available for the accumulation of tumorigenic alterations. However a number of recent experimental observations indicate that crucial apoptotic modulators such as NF-κB, BAX, BCL2, DAPK and survivin are deregulated in metastatic cancer cells (26, 27) , providing support for the hypothesis that cancer cell survival and programmed cell death escape represent an advantage in metastatic behavior.
In our study we have pointed to regulation of the NF-kB cell survival pathway as a major molecular determinant of the metastasis process in osteosarcoma. In particular, we identified several differentially expressed genes involved in the NF-κB cell survival pathway, including GADD45α, VCP, DHX9 and survivin.
GADD45α is up-regulated in both transfected osteosarcoma cell lines showing a lack of metastatic ability. The GADD45 gene family encodes nuclear proteins (GADD45α, ß, γ) that interact with various cell-cycle-related proteins (16, 17) . It has been demonstrated that NF-κB-mediated repression of GADD45α is essential for various cancer cell types to escape programmed cell death (28) . It is conceivable that the reversal of the malignant phenotype observed in our transfected osteosarcoma cell lines could equally be due in part to the up-regulation of GADD45α, which acts as a tumor suppressor gene.
VCP inhibits apoptosis via degradation of NF-κB inhibitor (29, 30) . It has been ascertained that VCP gene expression is associated with the metastatic ability of many human tumors such as hepatocellular carcinoma (31), gastric carcinoma (32), pancreatic ductal adenocarcinoma (33) and murine osteosarcoma cell lines (30) . Again, DHX9 is involved as a transcriptional co-activator in NF-κB-mediated gene expression and its depletion reduces the NF-κB-dependent transactivation (34) . In the present study both VCP and DHX9 are downregulated in U-2 OS transfected osteosarcoma cell lines showing a lack of metastatic ability. In addition, survivin, a member of the inhibitor of apoptosis protein (IAP) family, is likewise down-regulated in our transfected osteosarcoma cell lines. Survivin is one of the downstream genes of the NF-κB pathway (35) and is overexpressed in human cancer cells (36) . Furthermore it acts as a regulator of mitosis in the G2-M checkpoint representing an important interface between Figure 3 . Cytofluorometric analysis of apoptotic U-2 OS cells and derivates by annexin-V and propidium iodide after 48 h in standard, monolayer, culture conditions (A) or on polyHEMA-coated dishes (B). Cells (250,000) were seeded on untreated or polyHEMA-coated dishes in IMDM 10% FBS and stained for annexin-V after 48 h. cell-cycle progression and control of apoptosis (37) . Survivin overexpression in cancer may obliterate this apoptotic checkpoint and allow the aberrant progression of transformed cells towards mitosis. The decrease in survivin, VCP, and DHX9 expression suggests that the observed lack of the malignant phenotype in transfected cell lines could be due to the restoration of apoptotic pathways, and especially sensitivity to anoikis, which was indeed observed in the clones with reduced malignancy when cells were experimentally prevented from adhering.
Interestingly, Mehlen and Puisieux (38) have convincingly reviewed the role of apoptosis as a multistep barrier that modulates the metastasis efficiency at three crucial levels: i) cell death, by anoikis and amorphosis, after the detachment of primary tumor cells from the extracellular matrix and neighboring cells; ii) the death of solitary cells in circulation through tumor immune surveillance or destruction by mechanical stresses; and iii) cell death during the phase of micrometastasis formation in a secondary organ. In line with the view that anoikis and amorphosis are crucial mechanisms during the metastatic process, the overexpression of α-catulin in our transfected osteosarcoma cell lines is particularly intriguing. α-catulin is a member of the vinculin superfamily, which includes proteins acting as mediators of cell-extracellular matrix adhesion, and seems to be one of the genes related to anoikis-sensitivity of tumor cells (39) . α-catulin has an antiproliferative role based on Ras-mediated inhibition of cyclin D1 promoter and is also involved in the regulation of actin polymerization, through its modulation of Rho signaling and interaction with ß-catenin (23) . Thus, α-catulin up-regulation may explain the decrease in both cell growth and migration observed in U-2 OS transfected clones. Acting as a cytoskeletal linker protein, α-catulin may participate, together with the Arp 2/3 complex, in regulation of the dynamic assembly and disassembly of actin filaments and in the formation of larger scale filament structures. α-catulin may favor actin polymerization and strong cell adhesion, whereas the Arp 2/3 complex is known to regulate ß-actin polymerization at the leading edge and hence cell protrusion, and is thus functionally connected with a motile phenotype (40) . In confirmation of this pattern, in our transfected osteosarcoma cell lines showing reduced invasive ability there proves to be an up-regulation of α-catulin and down-regulation of ARPC1B. This gene encodes p41, one of seven subunits of the human Arp2/3 protein complex that is involved in assembling and maintaining the structure of the complex itself (41) . Underexpression of ARPC1B presumably contributes to decreasing dynamic actin disassembly, a process that lies at the base of cancer cell migration. Moreover one cannot exclude the possibility that in our transfected cell lines a form of cell death might be induced by disruption of the motility processes involving the actin cytoskeleton.
In conclusion, our study highlights a set of few but significant genes involved in the mitosis progression/apoptosis switch which may play a pivotal role in the regulation of the metastasis process in the U-2 OS osteosarcoma cell line. It is of great interest that the expression profile of this gene set is common to two different experimental models, i.e. two differently transfected osteosarcoma cell lines (L/B/K ALP and CD99 clones), showing the same abrogation of metastatic ability. If changes in expression levels of a specific gene set can be correlated with acquiring or losing metastatic ability, such a gene set can be predictive of metastatic outcome. Thus, despite the fact that the precise involvement of the genes presented here needs to be better elucidated, we propose this set of genes as a tool to predict the clinical course of osteosarcoma. Of note, all these genes are functionally related with the NF-κB signaling pathway that appeared to be inhibited in the less malignant osteosarcoma cells, in keeping with a previous study showing that the inhibition of constitutively active NF-κB leads to reversion of malignancy in osteosarcoma (42) . Hence, sustained inhibition of NF-κB may be a rational strategy for effective management of this disease. 
